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Wc have developed a novel "real time" quantitative P<* n*lhod. The method mea«ir<* HCR product 
accumulation through a duaMahefed fluorojjenlc probe (i.c., TaqMan Prolw). This method provides vwy 
accurate and reproducible quantitation of gene copies. Unlike otter quantitative PCR methods, real-time PCR 
does nor require poa-PCR sample handling, prcveniln fi potential PCR product carry-over contamination and 
resulting in much faster and higher throughput assays. The real-tiro* PCR method has a very large dynamic 
range of starting Target molecule determination (at least five orders of maenitudc). Real-time auantltarlvc 
PCR is extremely accurate and less labor-Intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Tan et al. 
1994; Huang el al. I99$a,h; Prud'homme et al. 
1995). Quantitative gem* analysis (DNA) has 
iH-cn used to determine the genome quantity of 3 
particular gene, as in the case ot t lie human HKR2 
gene, which is amplified in -30% of breast tu- 
mors (Siamon et al. 1987). Gone and genome 
quantitation (li>NA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(ilJV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Plwtak ct al. jw:«h; 
Jurtado et al. 1995). 

Many methods have been described for the 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 1 K Jfb) Sharp et 
al. 1980; Thomas 19K0). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This lias made, pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a j>owcrfuI tool, it is imperative 
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that it be umjU properly for quantitation (U»«y- 
maekm 1995). Many early reports of quantita- 
tive. PCR and RT-PCR described quantitation of 
the PCR product but did riot measure the initial 
target sequence quantity. Il is essentia] to design 
pToixf controls for the quantitation of the initial 
target sequences (fcrrc 1992; Clement! et al. 

KeMMirchcrs have, developed several methods 
of quantitative PCR and KT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang ct al. 1990). This method requires 
thai each sample has equal input amounts of 
nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the, point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities, such as p-actln) can be used for sample 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for Ixilh the taTget gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-RCK, has 1>een developed 
and Is used widely for PCR quantitation. QC-PCR 
n:lies on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Hatak ct al, 1993*,l>). The efficiency of each re~ 
action is normalized to the internal competitor. 
a wnnwn amount of inte-maJ competitor can be 
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addod to each sample. To obtain relative quant- 
tatlon, the unknown large! PGR product is com- 
pared willi the known competitor IK'IU product. 
Success of ji quantitative competitive K-U assay 
relies on developing an internal control that am- 
piirir* with the same efficiency as the uugvi ">*>l* 
cculc. The design of the competitor and the vali- 
dation of amplification efficiencies icquirc a 
dedicated effort. However, because QC^rCR does 
not require that PC1R piinlucts bcartalyxud during 
the lot; phase of the amplification, it is the. easier 
vf the two methods to use. 

Several detection systems uie used for quan 
illative PCX and RT-l*c:tt analysis; <1) agarose 
gels, (2) Auorc^eeut labeling or POR products and 
detection with Inner-induced fluorescence using 
capillar)' electrophoresis (Fusco el al. 1995; Wil- 
liams ei al. 1996) or acrylamldc gels, and (3) plate 
capture and sandwich probe hybrid tan ion (Mul- 
der el ah 1994). Although these methods proved 
Successful, each method requires post-PCR ma- 
nipulations That add time to the analysis and 
may lead to htbuiatoiy i wilrtinhiation. The 
sample throughput of these jueUit>d.> \s limited 
(with the exception of the plate capture ap- 
proach), and, therefore, these methods are not 
well >uited fui u.s^f> demanding high snmpJc 
Throughput (I.e., screening of large numbers of 
1'Iiuiiwttn.ultr* oi diudyKlng SAmplea fur diagnos- 
tics or clinical trials). 

Here wc report the development of a novel 
itss&y for quantitative !WA analysis. The assay is 
hased on the ust* <>f th« »V nuclease assay first 
described by Holland et al. (1991), The method 
uses the 5' nuclcA.so. Activity of 7Y*r/ polymerase to 
cleave a noncxtcndlblc hybridization .probe dur- 
ing t>ir extension phase of I'Clt- Tt ic. tq>proach 
uses dual-labeled fluorogenic hyhi )dJ*atJon 
probes (Lee et al. 1993; Hauler ct al. 1995; Uvok 
et al, 1995o,b). One fluorescent dye serves as a 
reporter |FAM (i.e., 6-carboxyftuorvscc»n)I and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., o-cari>oxy-ietramethyI- 
rhodaminc). The nuclease degradation of the hy- 
bridization probe releases the quenching of ihc 
I'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at 53 tt mru 
The use Of a sequence detector (AOI i'rism) allows 
measurement of fluorescent spectra <>f all 96 wells 
of the thermal cycler continuously during the 
i'CK amplification, Therefore, the reactions aie 
monitored in real lime* The output data Is de- 
scribed and quantitative analysis of input target 
l>NA sequences ts discussed below. 



RESULTS 



PGR Product Detection in R«al Time 

The goal wax to develop a high-throughput* sen* 
xitiw, and accurate gene quant hat Ion assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasm Id encoding human factor 
VIII gene sequence, pV8TM (sec Methods). w;is 
used as a model therapeutic gtmc. The assay usr* 
fluorescent Taqwan methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AM Prism 7700 Sequence Dclrclnr). Th« 
Tat] man reaction requires » hybridization probe 
la1>cJed with two different fluorescent dyes. One 
dye is a reporter dy« (l«AM>, the other ix quench- 
ing dye (TAMRA). When the prol*: 1a Intact, fluo- 
icscent energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During Uie extension 
phase of the PCK cycle, the fluorescent hybrid- 
ization probe is cleaved by the S'-.T nucicolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
suiting hi an Increase of the reporter dyo fluores- 
cent ei ii S.i»l os i Ap*ctra. I'CR primers mid probutt 
were deigned foi (lie human fhclor VJ1J se- 
quence and human p-actln gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe ami 
magnesium concentrations yielding the highest 
Intensity of reporter fluorescent signal without 
sacrificing speciflcity. The instrument uses a 
cliargi>couplcd device (i.e«, CCD camera) for 
measuring the fluorescent emission spectra from 
500 to C$0 nm. Kach VCM tube was monitored 
sequentially for 25 msec with continuous monl- 
t or jog throughotlt tht: amplification. Each tube 
wan rr-cxan dried every B.5 sec. Computer soft- 
ware, was designed to examine the fluorescent In- 
tensity of both the reporter aye (I-AM) and 
the quenching dye (TAMRA)* The fluorescent 
Intensity of the quenching dye, TAMRA, changes 
very lit lie over the course of the PGR ampHO* 
cation (data not shown). Therefore, the Intensity 
of TAMlt\ dye emission serves an an internal 
standard with which to normall/A! the reporter 
vlye (FAM) emission variations. The frofiwarc cal- 
culate* u value termed AKn (or AftQ) using the 
following equation: ARn - (Vsi 4 ) where 
Kn 4 . enilssloji itjiensf ly t>t reporter/emission in- 
tensity of quencher at any given time In a reae 
tlon tube, and Ru r- emission intensility of re- 
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poner/omlsslon tmcn&ily wf quencher measured 
prior to I'CK amplication in Hint same reaction 
tube. For the purpose of quantitation, the lust 
three data point* (ARm) collected during the. ex- 
tension step for each l J Ck cycle were analyzed. 
The nticteolytic degradation of the Hyundai ion 
probe occurs during the extensruH phase or Pi ai* 
and, thirrtforc, reporter fluorescent amnion in- 
creases during this time. Hut Unec data palms 
were averaged lor each KJK cycle and the mean 
value for each was plotted in an "aiupllllcatloii 
plot" shown In J'itfurC 3 A. Tlie AKn mean value is 
plotted on the )*.*xi$, and time, represented by 
cycle number, is plot led on the ,x-axis. During the 
early cycles ul the VCAl amplification, the ARn 



value remains at base lino When .sufficient hy- 
bridation probe has bfien cleaved by the Tu/j 
]K>iyjnerase iHiclfcfifiC activity, the intensity of ro- 
jxirtcr fJuomtccni emission liijL*ri*aH%. "Most VC)\ 
ainplifk<aliom reach » plalcau phone of reporter 
fJuuftwwil emission if the reaction h carried out 
lo high cycle numU-is- The amplification plot h 
examined eaiiy in \h« taction, at a point Ihflt 
icprcscnts ihe log phase of product arcmnula* 
tton. This Is done by assigning an arbitjiny 
'threshold thai is based on the variability of the 
baseline d M u- In Figure 1 A, the threshold whs sot 
at IV standard deviation* above, the mean of 
base line emission calculated from tydo 1 lo 1 fv 
Once the threshold is chosen, the point at whfch 
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Figure 1 PCR product detection in real time. (A) The Model 7700 xjflware will construct amplrficaUon pbts 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base tine of the amplification plot c, values are 
calculated by determining the point ai which the fluorescence exceeds a threshold limit (usually 10 tjmes the 
standard deviation of the base line). <£Q Overlay of amplification plots of serially (1:2) diluted human genomic 

Input DNA concentration of the samples plotted versus C T . All 



DNA samples amplified with £-actin primers. (Q Input 
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Ihc amplification plot crobsefi the thrc$hold'ivcle 
fined as C,. C, is reported us the cycle number u\ 
thi* point. Ar will be demonstrated, tlu* CI, .value 
1st piedJojve of ihc quantity of input tnrgut. 

Values Provide a Quantitative Measurement. o* 
Input Targer Sequences 

Plgurc IB shows amplification plot* of li^diYk*-. 

ent PGR amplifications overlaid. 'i*he amplify 
tions were performed on a 1:2 serial dilution -mb 
human genomic J)NA. llic amplified target 
human p actin. The amplification plotK Khifl to 
the right (to higher threshold cycles) ns thu input 
target quantity is reduced, 'this is expected ht» 
causa nmcttomi with futvar starting copms of the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence, An arbitrary threshold of lO'stan* 
dard deviations above the base line was used to 
determine the O r values. Figure 1C represents the 
C T values plotted versus the sample dilution 
value, Bach dilution was amplified in triplicate 
PCM amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. 'Hie C T values decrease linearly with increas- 
ing target quantity, Thus, C r valuta can be used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6«ng sample shown In Figure 
IB does not reflect thi* same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves Midpoint pla- 
teau at a lower fluorescent value than would he 
expected based on the input PNA. This pheuom* 
cnon has been, observed occasionally with other 
samples (data not shown) and may be attribut- 
able to lata cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculate C n value us 
demonstrated by the fll on the line shown in 
Figure 1 c. All triplicate amplifications resulted in 
very similar Or values— Ihc standard deviation 
did not exceed 0,5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission inlenslty for 
quantitation. The* linear ranged Huorcsccnl in- 
tensity measurement of the Alii Prism 7700 Sic- 
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merits over n very large t*iij><» of rplnlivo starting 
target quantities. 

Sample Preparation Validation 

Several parameters influence the efllcU-nry »>f 
PCR amplification: magnesium and sail concen- 
tration ft, reaction conditions (i.e., time and tem- 
perature); PCU target size and composition, 

primer sequences, and sample purity, AH of the 
above (actors are common to a single Villi assay, 
except sample to sample purity. In an effort to 
validate the method of sample preparation for 
the iaclor Vlil assay, FCR amplification reproduc- 
ihility and oificlency oi 10 replicate sample 
preparations wt*re. examined. .After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was qunnlUaicd by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciln 
Kcne. content in 100 ami 2$ nj; of total genomic 
DNA. fcach VCR amplification was performed in 
triplicate. Comparison of Ci r values for each trip* 
iicate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each ol the triplicate PCU 
amplifications was highly reproducible, demon- 
strating that real time PCX using this instrumen- 
tation introduces minimal variation Into the 
quantitative J'CR analysis. Comparison of the 
mean V n values of the JO replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p-nctln gene quantity. The highest C T 
difference between any of the samples was G.S5 
ami 0,73 for the 100 and 25 ng samples, respec- 
tively. Additionally* the amplification of cadi 
sample, exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analysed as indicated by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a l'Cl< inhibi- 
tor would exhibit a greater measured $-actln G, 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with tin-, 
sample in the dilution analysis (Fife, 1), altering 
the expected C r value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity. 

Quantitative Analysis of a Plasm id After 
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Table 1 . Reproducibility of Sample Preparation Method 



100 ng 



Samplo 

no. Ct 



standard 
mean deviation 



CV 



1 18,24 
18.23 

.19.33 13.27 0.0$ 

2 18.33 
18.35 

18.-14 1&.V 0.06 

3 18.3 
18.3 

16,42 18*34 0.07 

4 18.15 
18.23 

18.32 18.23 0.08 

5 18.4 
18.38 

18.46 18.42 0.04 

6 18.54 
18.67 

19 18.74 0.24 

7 18.28 
18.36 

18^2 18.39 0.12 

8 18.45 
18.7 

18.73 18,63 0.16 

9 18.18 
18.34 

18.26 1B.29 0.1 
10 18.42 
18.57 

1B.66 18.S5 0.12 
Mean (1 10) 18.12 0.17 0,90 



25 ng 



standard 
mean deviation 



20.*1 0.03 



20.46 
20.55 
0.32 20,5 
20.61 
20.59 

0.3? 20.41 20.54 0.11 
20.54 
20.6 

0,36 20.49 20.54 0.06 
20.48 
20.44 

0.46 20.38 20.43 0.05 
20.68 
20.87 

0,23 20,63 20.71 0.13 
21,09 
21.04 

1.26 21.04 21.06 0.03 
20.67 
20,73 

0.66 20.65 20.68 0.04 
20.98 
20.84 

0.B3 20.75 20.86 0.12 
20,46 
20.54 

0.55 20.48 20.51 0.07 
20.79 
20.78 

0.65 20.62 20.73 0.1 



20.66 0.19 



CV 

0,17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.46 
0,94 



(or containing a partial cDNA for human factor 
vill, pi-8XM. A scries of transections was sot 
up using a decreasing amount of ihc plasmid^O, 
4, 0.5, and 0.1 jxg). IVvt-my-rour hours poM- 
tnuiafet tion, total £>NA was purified from each 
flask of irlh. p-Aclin gene quantity wa* ehUNen as 
a value Tor normali/.atiwn of iomic. DNA con- 
centration from each sample. In this cxptruM/cnt, 
p-actm gene content should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of the p-actln UNA measurement (100 Jig 
total DNA determined hy ultraviolet spectros- 
copy) oi each suumle. Kaeh sample was analyzed 
in triplicate and the mean p-actm values of 
the triplicates were plotted (error bars represent 
r+»~wi<i/ri H«^riAimni *lh#» htphtw iiiffrrcnrr 



UvtvMtaii any iw(* sample* in 021) ft was 0.5*5 C n Jen 
nanograms of total UNA of each sample were also 
examined for {.Vaciln. The results again showed 
that very similar amounts of genomic 1>NA were 
present; the maximum mean p actin C: t value 
difference wa.* 1.0. As Figure 3 shows, the rate of 
fVactln C r uliungc beLwecn the 100 and 10-ng 
sujnplt:.** was similar (slope values rang« between 
3,56 and -3.45). This verifies again thai the 
method of sample preparation yields sajnpios of 
identical PCR integrity (i.e., no sample contained 
an excessive amuuul of a PCR inhibitor). How* 
ever, these results indicate that each sample con- 
tained slight diffeiences in the actual amount of 
genomic 1>NA analysed. Determination of actual 
ttuuujjuc ONA concentration was accomplished 
a0JCI Z0S6 091 6*6 XVd 00:SI ZOOZ/SO/Zl 
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Figure 2 Somple preparation purity. 1 he replicato 
samples shown In Table 1 wore ateo amplified In 
tripicate using 2S ng of each DMA sample. The fig* 
uit shows die input DNA concentration (TOO and 
25 ng) vs. C, In lfu» figure, the TOO and 75 
pOlriU (or each sample are connected by a line. 



by plotting the mean £-actio C, value obtained 
for each 100 llg SHinple viii a p-actln standard 
iruive (shown in Pig- 40). The actual genomic 
DNA concciitr;i1l<>« of each strmpln, was ob 
taincd by extrapolation to thu *<axi*. 

Figure 4 A shows the measured (I.e., i«m^ 
normalised) quaulilie.\ of factor VJJJ plasmid 
DNA (pJWTvt) from each of tin: four transient cell 
lra»sfex;Uons. Each reaction contained 100 rtff of 
total samples DNA (as determined by UV spectros- 
copy), llach sample was analyze J in triplicate 



|>C :t< <implification!t. As shown, plOTM purified 
.fioie Jbc 20H cells decreases (mean C, values in- 
cum*A) with decreasing amounts of plasiiild 
Aruilsft'Ucd* The mc»« C A values obtained for 
pFBTW inTlgurc 4A wore plotted on a standard 
curve comprised uf seilally diluted pFHTM, 
shown ,in figure 4B. Thu quuuUly uJ pMf I'M, b, 
found in each of the four transection!; was do 
tcrmined by extrapolation to the x ax It. of the 
standard curve In Pigurc 4B. These uncorrected 
m values, b, for pVKTM were nonnxll^id to deter- 

mine Uie actual amount of pj*8'l%i found per 100 
ng of genomic DNA by using the equation:. 

0 X tO O ng actual pI-BTM copies per 
J"* ~ 100 ng of genomic DNA 

whore a actual genomic DNA in a .sample and 
b ^ pF8'l"M copies from the standard curve. 'Hie 
normalised quantity of pl'STM per 100 ng of ge- 
nomic DNA for each of the four iranafceilons Is 
shown In Figure 4JJ. 'Hiese rouils show Uiai the 
quantity of factor Vlll plasmid associated with 
the 2V3 cells, Z*l \\j after iniMsfectttin, dix.iiwses 
with decreasing pJasnm) ujui.wiuiatloo used in 
the transection. The quantity of pi'ttTM associ- 
ated with 293 cells, after uansfectlon with 40 futg 
of piasmid, was 35 pg per 100 ng genomic DNA. 
This results in -520 plasinld copies per eel!. 
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Figure 3 Analy>lb of tiansfectcd cell DNA quantity 
and purity. I he DNA preparations of the lour 293 
cell transfedtons (40, 4, 0.5, and 0.1 u,g of pF8TM) 
were analyzed for the P-ac*ln gene. 100 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM thai was transacted, the f3-actln 
C 7 values are plotted versus the total Input DNA 
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DISCUSSION 

We have described a new method for quant inn- 
ing gene copy numbers using reaMlmc analysts 
of PCR amplifications. Real-time PCK is compat- 
ible with cither of the two PGR (KT-PCR) ap- 
proaches: (1) quAiiUlatiw .competitive where an 
internal winpclltor for each target sequence is 
used for normalisation (data not shown) or (2) 
quantitative comparative PCK using a iu« media- 
tion gene contained within the sample (i.e., (3-ac- 
tiii) or a "housekeeping" gene for UT-PCK. Ff 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification effkimoy 
before quantitative analysis is identical for each 
sample, the Internal eontuil (noimali^ttiou gene 
or competitor) should give equal signals for olJ 
samples. 

The real-time PCK method offers several ad- 
vantages over the other two method* currently 
employed (see the introducljon). First, the reau 
time l*CR methiKJ is perfonned in a dosed-tube 
system and requires no post-PCR manipulation 
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Figure A Quantitative ftnalyii* of pFSTM in Iran sice led <_c!b. (A) Amount of 
plasmid DNA used for (he transaction plotted against Hit! mean C, value deter* 
mi^jd for pfSTM remaining M hr after tram1cctfon, (fi y Q Standard curves of 
pMVIM <*nd Pectin, respectively. pWM ONA (0) And genomic DNA (Q were 
diluted serially 1 ;S before amplification with the appropriate primers. The p-actin 
standard curve wh* usod to normalise the results oM to 100 rig of genomic DNA. 
(0) The amount of pF8TM present pc:r 100 ng of genomic DNA. 



of sample. Therefore, (h<» potent'*] for VCR con* 
lamination in the laboratory is reduced because 
amplified productx can In*. analysed and disponed 
of without opening the rcuuak'P tubes. Second, 
this method suppoiU the umi ofa tiorm<iljxHtloi] 
gene (Lc., P-actin) for quantitative. PGR or house- 
keeping genes for quantitative RT-l'Ck controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
Iuk phase permits many different gene* (over a 
wide input target range) to be analy>rd simulta- 
m:ously, without concern of reaching reaction 
plateau at different cycle*. This will make mulll- 
gen« analysis assays much CAfttai \\> develop, be- 
cause individual internal umipetltoj* will not be 
needed for each gene under analyeb. Third, 
sample throughput will uaica>e diamalically 
with the new method because, there i» no poM- 
KCK pt needing time. Additionally, walking In a 
96-wcl) format Is highly compatible with auto* 
niation technology, 

The real-time PGR method is highly repro- 
ducible. Replicate, amplifications can be analyzed 



for «»ach sample minimising potential «rror. The. 
system allow* for a very large assay dynamic; 
range (approaching 1,000,000 -fold Mailing l<ii- 
gcl), Uaing u .standard curve for the. target oJ in* 
tercM, relative copy number valuer can be dciei- 
mjned for any unknown rumple. fluorescent 
threshold valuer O p cont-Jatr. linearly with rela- 
tive DNA copy number.*. Ueal time quantitative 
HT-rCR methodology (C.iJb.Non ct al. y this Issue*) 
has also bccin developed, finally, real time quan- 
titative I'CU methodology can be used tu develop 
high-throughput screening assay** for n variety of 
applications [quantitative gene CAfrjea&ion (RT- 
rCR)j gene copy assay* (Hcr2, 111V, etc), gcm> 
typing (knockout mouse analysb), and immuno- 

pouj. 

Real-time VOW may also Ik: j^crformttd using 
intercalating dyo.a (Hlguchi ct ai- such as 

crhidium bromide. The fluorogenic probe 
method offers a major advantage over inter* 
cabling dyes- greater specificity (i.e., primer 
dimvrs and nonspecific PCR products are not de- 
moted). 



Z0S6 091 6*6 YVJ 00:ST Z002/S0/2T 



Frrom : BML PHONE No. : 319 472 0985 Dec. 05 2032 12:25PM P18 



RIAL 1IML QUANII1A1IVI' \\M 



f 

\ 
'I 



METHODS 

Generation uf <t FJasmld Containing a Partial 
cDNA for Human Factor YII1 

Total KNA v»<(> harvested (UN A*ol it from Tel Tc*t, Inc., 
rr)C."6*wood, TX) from cvJ1> ii-wwfccted wllh o factor VIII 
expression vector, pC:|S2.tk4&lJ (Katun ut M. l°80i <3(ir* 
mnn ct al. 1900). A factor VIII partial cl >NA vrvpief uv Was 

R( . M( T tt (td by irr -i*f :!« icionoAmp la mil RNA KH 
(pan NWJK-tn v$, vfc Applied iijosysicnis, I'ostvi city, <.W)J 

usliift the l»t:n piimvfs VHiat *»d Ittrev <|»rin»-r wrriieiiri-S 
are shown below), The ampllcon was roamplified dAlnfi 
modified l^for and Wrcv primers (appended with HumlU 
and H/mllll restriction site sequence* »t the V end* and 
clonal I "to jHi'HM- 3Z (Promina tiorp,, Mudwon, WI). The 
resulting clone, pW*TM, was used lor transient transfenlon 
of 293 ecJU. 



Amplification of Target DNA ami Duictiloir of 
Amplicpn Factor VIII Plasmld DNA 

(pHiTM) was amplified with the |»hiti-i» lttfur 5'-<;<X> 

<rr<KX^\AC»Ati:iVA<xncrrc-3' and wrev 5*-aaa<;<;t- 

1^0CXn , CKiA , JX«i , rA«C!-3 l .11ic reaction piodoevd a 422- 
ti]> k:r product. The forward primer wa> de>lx"ed to itv 
ogntxe it unique .wipieiue ft mud In the »V untranslated 
region of tin; patent uOS2.o\25l> pldMind mid thdcfore 
doe* not k'^ih^^' «*ud amplify the human factor VIII 
gene. I'rimorfi woro chosen with the *v*if(*or(» of iho oom- 
pulcr program Oiigo 1,0 <Nutimi;il lliuAoienccs, lne„ l f ly* 
mouth, MN). The luinian p-acOn gene was, amplified with 
the prima? »-t"lin forward primer S ' -TCACOOAOA* riXST 
GCCCATCrACOA-.V and p-acliij xe verse p»iow?r V-CAC 

CGGAACC:0trr<:ATi"(i<:t^A'j , GG-3'. The reaction pro- 
ciuceo a 2V5-hp i*cu product. 

Amplification reaction* (SO uJ) contained a DNA 
sample, 10x PCU HufYc.r II (6 u,l), 200 *im tlAW, dCn\ 
dGTft and 400 jvm dlMV, 4 tnxi M#(;l ? , 1.2.S Units Ampll 
7in; DNA polymerase, 0,5 unit AmpKrasc uracil N-fily- 
«»»?*yltiw.' <0KG), 50 j>fnolcof each foctoi VIII jirlinci, und 15 
ptiioli* of ttttdi p ftctlrt pi I in ot. 'Jlio K'actUiiK iilw* ix>ntotncd 
Otic Of IhV following dtlCCtlnn prolH'X (U«l r»M rarli)* 

GCCTT{TAMRA)p 3'«ud p-«c-tiit proU- 5 f (FAM)ATGW;t:- 
XCJ , AMRA)CCCCCATGCCATCp-3 , whw p indicates 
phosphorylation nnd X hidlcMcfia linker arm nuclccttidc. 
Reaction ImK-> writ* MicmAmp Opt ii^l luhcx {pftrt num- 
ber NKOI 09.1.^ l*crkJ« Ulmui) that wore frOKt^l (Mt JVrfcln 
ntmcr) to preset it li^hl from /cflcdltt$, Tube capi were 
simitar to MuToAmp Cnjvi I hi I specially dtsi fined lo pre- 
vent light >eu(tcnn». All ol ttt<' \K'M i%niMutnul>l<'» were (ki>«- 
l*lkid l>y Plv Applied HJo4y((t<-ni9 (|!o»tcr f!ity, CA) except 
the fartor VI 11 primer*, wl licit wnr jiyntheslKCd ul Ccncn 
tech, Inc. (South Franclscoi CA). Prohev mw design wl 
using the Oljfif.* 4.0 .noflwarc, following gdUlelhies wik- 

j^cstco in tnc Model 7700 .sequence Detector Iti.ntiujienl 
manual. Krlcn)-, pruue T m djttiilil he ftl Jeasl 5 U C halter 
Uiail flit* Mruti'Mlliix tvtapt'idliift: u.ted ditrlfin U«-rmul cy- 
rlttigf primer* should itui tvitn hUhlv duplexed with the 
probr. 

The thtTiiKil **yc]ing conditloivs Included 2 nidi ft! 
5tTC and 10 min ul 95"C. 'Iliwrinal cycling proceeded with 



reactions were pcrfonned »* th<. Model 77(MKSec|uence Dc- 
ttttor (l»E Applied Ulu^yvUnitw), wldrh contain s » Ocim-- 
Amp l'< :H Systum "COO. U«;acl ton ctuiditioit^ wf-rf* pviv 
gniimitcd Ui» u I'nwor Macinto.U 7100 (Apple Cr.im|Hiir*r, 

Santa Clara, C^V) linked dirvcily to the Model 770ft K»- 
cjucjkv iXilfrcioj* Af)»1y«U or data w»v performed on 
the Mm-lntwih <H»npu(vr. Collodion and wnfllyftlK Koflware 
wi»it doveU»|wl »t l»K Applic^t WcKyfttuiitst. 

Tr*n»fcction of Cells with Factor VIII GMutruci 

Pour T17.S flasks of 293 cells (ATCC C^Kl. 1573). ?» human 
fetol kidney stHspention cell line, were Rmwn to 809(>con- 
Uuomy And transfewd pt ; KTM. Colli were zrawu in the 
-following mediw S0% HAM'S V\2 without OUT, lo^ 
glucose nuJpcoeo's modified Kaglc rnetliui'i (I)MIIM) wltlw 
out glyn'f»e wiLb sodium bicarbonate, KJ% ielal lx»vine 
serum, 2 dim L^luUininc, and 1% pcnitiJliu-ytrrptomy- 
ilo, 'llic media was dmnfjed 30 mln hcfo«< (he iraosfec 
lion* pl : UTM WA amount* of 40, A, 0„S, and 0.1 y>\\ were 
itdded lt> ^.S ml of a solution conialnlns 0.125 m C^Cly 
and 1 x HUMS. The four wixhm^ wore left al roon tw»- 
l.K-.rtittin- fctr it) mln and Ui«i i»d<U-*l dropwlso the cells'. 
The rb>k> wvii-uiLul/aled at 37°C'and 5.% < :(\ for 24 hr, 
washed with PltS ( «md n^uapended In The n>*m 
p\-nd^l cell* were divided into tditpml* und UNA WAfi ex- 
truded lifiincdlvWly uwiiK IheQiAunip Ki»««l Kit (tyagon. 
Omumvrth, <M), l>NA w»s elided Into 2(K) p.1 ul 30 m.m 
IVIa-IICI at pll H.0. 
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